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During manufacture process, flie conductor and stabilising element of rectangular form with longitudinal slot 
separately in vertical plane are simultaneously passed via a melt of solder. The superconductor is introduced into 
slot of stabilizing element, and their coimection is carried out at the output of melt by passing them through a die 
with compression of stabilizing element of 5 to 15 percent, while the cooling is carried out to the temperature of 50- 
140 deg. C below the solidification temperature of solder. 

The superconducting conductor is bent in cooled places to a stress-stretched state of conductor against stabilising 
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(54) PROCESS OF MANUFACTURE OF STABILIZED SUPERCONDUCTING WIRE 



(57) Abstract: 

FIELD; electrical engineering. SUBSTANCE: 
for manufacture of stabilized 
superconducting wire conductor and 
stabilizing element of rectangular shape 
with longitudinal groove are simultaneously 
passed tlirough melt of solder. 
Superconductor is inserted into groove of 
stabilizing element in die at exit from melt 



with 5-15% reduction of stabilizing element. 
Wi"e is locally cooled after emergence from 
die to temperature which is 50-140C below 
temperature of solid us of solder and Is bent 
at this place up to stress-stretched state 
of conductor with regard to stabilizing 
elemenL EFFECT: increased quality of wire 
by prevention of unsoldered sections between 
conductor and stabilizing element. 4 d, 1 tbi 



C 



(0 



o 



-2- 



HsoSpereHne OTHocnTCfl k oGnacTn 
sneKTpoTexHUKu, b nacTHocTH k cnoco6aM 
naroTOBJieHiifi cBepxnpoBOflflmux oBmotomhux 



C/) 

c 



Menb H3o6peTeHna noBbiiueHne lOMecTBa 
npoaofla nyiew ncKnic-ieHMa HenponaoHbix 
yMaoTKOB Me>Kfly cBepxnpoBOflHUKOM m 
CTaSnflnsnpyKinnM aneMeHTOM. 

Cnoco6 3aKnioHaeTCfl b tom, mto ppn 
naroTQBneHUfi CTa6mM3MpoBaHHorQ 
GBepxnpoBCflflLi4ero npOBOfla npoBOflHUK m 
CTa5MJiw3Mpyioinnii sjieweHT npnMoyronhHo^i 
4)opMbi, coflepxcainwi^ npniuoyronbHufl na3 
pasflenbHo b BepinKanbHoPi nrocKocTn, 
nponycKaioT Mepe3 pacn;iaB np^inofl, npoBoflHUK 
BBOflflT B nas CTa6MnM3npyioLL(ero aneweHra v\ 
ooeflUHaioT c hum b 4)njibepe Ha Bbixofle M3 
pacnnaBa npn oewaii/in CTa6MrM3Mpyioiiiero 
sneMeHia Ha 5-15% npoBOfl nocne Bbixofla m 
(pmbepb\ ox;ia>Kfla«T jioKanbHo flo 
TewnepaTypbi, na SO-UOOC HM>Ke TeMnepaiypbi 
connflyca npunoa, npn stom wa ox/iajKflaeMOM 
yMacTKB npoBOfl MsruSaioT pp 
Hanpfl>KeHHopacTJ)HyToro cocTOSHi/ifl 
npoBOflHMKa OTHooMienbHo CTa6nnM3Mpyioii4ero 
a/ieweHTa. 

flnn noBbiiueHMB npoM3BOflMTe;ibHocTM 
npoi^ecca naroTOBJieHMs npoBOfla 
npekiMyu^ecTBeHHo c wHoronpoBojicwHbiM 
CBepxnpoBOflHMKOM BHyTpn pacn/iaaa nsMeHnioT 
He Menee rpex pas rpaeicropkiio aekUKeHMsi 
npoBQflHi/iKa M cTa6i.i;ii/i3Mpyiomero s/isMeHTa, 
o6ecne4MBaq Tpenne na yMacricax mMeneHm 
TpaeKTopMM. Cel^eHMe CTa6i/ini/i3Mpyiomero 
sneMeHTa Sm npeflnomnTeiibHO onpafle;iflioT m3 

COOTHOmeHMH 

S„= IH-<h-0,5h +0,S<l'>»d . Sm 



Tfle S„, h, I Smi, hi, li n/ioinaflb nonepenHoro 
ce^eHm, Bbicoia m lunpnHa CTa6MnM3MpyKH4ero 
a/ieMBHTa pp m nocne oBKaiMfi, 

COOTBeTCTTBeHHO; 

d'jK. d,K. S« BepTMKajIbHblii b1 ropM30HTaj1bHblM 

nonepe^Hbie pasMepbi m nnoLnaflb cs^e»m 

npOBOflHMKa. 

Dpn MononbsoBaHMH npqMQyrojibHoro 
TpaHcnoHnpoBaHHoro OBepxnpoBOflHMKa ana 
ynymueHMfl KanecTBa npoBOfla pa3flenbHo b 
BepTMKanbHofl nnocracTM c npOBOflHMKOM m 
CTaBMjiMsnpyioinMM sjieMeHToM b pacnnase 
npi^nofl flononHMTenbHo nponycKaioT sjieMeHj n3 
HopManbHo npoBOflflu^ero Mera/ina, Koropbifi 
yunaflbieaiOT b naa CTa6njin3npyioi4ero 
aneMSHTa nosepx npoBOflHUKa b tpmhepe. Ha 
oxnawnaewoM ynacTKe nposofl narneaioT ao 
HanpajKeHHO-pacTHHyToro cocTOflHun 
HopwanbHO npoBOflPi^ero ajieweHTa 
oTHOcMTenbHO cTaBujiMsnpyiomero ajieweHTa 

Cnoco6 ocymecTanmoT cneflyiomiiM 
o6pa30M. npeflsapnTenbHO M3roTaBnnBaK)T 
oflHo- nnn MHoronpoBono'^HbiPi npoBOflHUK \a 
npflMoyronbHbiPi CTa6MJiM3MpyiomMCi aneivieHT us 
antoMUHMfl B MeflHoPi D6ojioHKe c naaoM no 
cepeflMHe lunpoKOi^ CTopoHbi U-o6pa3HOi^ 
c|)opMbi, PasMepbi nasa BbiSnpaioT ncxofls na 
reoMeipuMecKoC^ cfsopMbi npoBOflHUKa c y^eroM 
B03wo>KHOCTM ymyBjieHMfl era b MarpuLie n 
CBo6o/iHoro BBBfleHUH B nas (flonycK no lunpuHe 
nasa 0,05-0,1 mm). CTaSnnnanpyioLi^MPi o/ieMeHT 
naaoM seepx n npoBOAHHK nafl hum 
(flononHMTenbHo HopwaribHo npoBOflnmnfj 
aneMeHT nap, npoBOflHUKOM b oahom na 
BapnaHTOB), paaAensNHbie b BeprnKanbHoSi 



njiooKocTM, oflHOBpeweHHO nponycKaiOT nepea 
pacn/iaB npunos, nanprnviep, noCCy-30-2 npi^ 
340-350°C uriM nOC-61 npn 250-280°C co 
cKopocTbio 5-15 m/mmh. BhyTpM pacnnasa 
Me>K^ p,Bym norpy)KHbiMM po/ii/HOMki 
npsMMyi^ecTBSHHo MHaronpoBOJioMHbiCf 

npOBOAHMK, CTa6MJlM3MpyiOll^M£^ M HOpManbHO 

npoBOflai^nM 3[neMeHTbi nponycKatoT no 
M3Menqioineficfl ypaeKTopuM b sepiMKanbHofl n 
ropusoHTanbHoil nnocKCCTax, o6ecneMMBafi 
ipeHne B MOweHT M3MeHeni/iR ipaeKTopMn. 
MeHee rM6KHM CTaSnnnsnpyioiUMPi aneMeHT npw 
n3MeHeHnn ipaeKTOpnn oiicnoHnioT na yron 
10-30°, a 6oriee rn6KMe npoBOAHHK m 
HopwanbHo npoBOAfla(i^i^ aneMeHT Ha 30-1 BO °C 
OT Tpex AO nwTH pa3, mto nosaonjieT 

OCyil^eCTBMTb OOTMpKy H c6pOC C BHBlUHePi 

noBepxHDCTn sjieMeHTOB npoBOAa n yaarieHUB 
naHyrpn MHoronpoBonoMHoro npoBOAHUKa 
ocTajKOB ctJnioca. 

Ha BbixoAB M3 pacnnaBa ocymecTBnflraT 
BBefleni/ie npoBOAHMKa Mnn npoBoflHUKa m 
HopManbHo npoBOAHiiiero ojieweHra b naa 
cTa6Mnii3npyioLi^era sneweHTa c o5>KaTneM ero 
Ha 5-15% AO KOHeMHoro paswepa n 
nocneAyoLUMM noKanbHbiw oxna^fleHneM soflOM 
y^acTKa npoBOAa flnnnoPi 0,5-1,5 cm flO 
TeMnepaiypbi na 50-140°C Hn>Ke TewnepaTypbi 
coriMflyca nerKonnaBKHx npunoes, b weore 
M3rM6a npoBOfla na ocHosaHne 
CTaeMnnsnpyioinero ajieweHTa {ua cropoHy, 
npoTMBononoxcHyio CTOpone c naaow) na paAnyc 
23-50 hi. Ha yMacTKe M3rM6a npoBOflHMK, a 
raioKe HopMajibHO npoBOA^imME^ sneMenT b 
OAHOM M3 BapMBHTOB npMo6peTaioT 
HanpflSKSHHO-pacTflHyToe cooTOJiHue 
OTHocMTenbHO CTaenni/iai/ipymmero anewsHTa. B 
flanbHBCiujeM nposofl oxnajKnaercB 
oaMonpon3Bo;ibHO m noGTynaei na npMSMHoe 
ycTpotteTBO. 

Bbi6op ceneHi^C^ CTa6MiiM3MpyioL^ero 
sneMBHTa b mcxoahom m KoneMHOM coctoshmsx 
no cooTHoujeHMK) mum napaMerpax 
oTa6M/iM3Mpyioii4ero areMSHia m npoBOAHMKa, 
6nM3KMX K cooTHomeHMio, a TaioKe yKaaanhofl 
oreneHM o6)KaTMfl oSecneHMBaeT nocToflHHoe (a 
npeABJiax flonycKa na c/iofl npi/inofl) nonoxeni^e 
npoBOflHMKa no ocm uriM BAonb nee, nonnoe hjim 
npaKTMHecKM noriHOe saKpbiriiie m MexaHUMecrae 
saKpenneHMe npoBOAHMKa b CTa6njin3Mpyioa(eM 
onsMeHTe. KorAa ujupi/iHa npoEOAHUKa 
cyaiecTBeHHO npeaocxoAUT ero ToniUMHy 
(nanpMMep, npM ycnaAKe b na3 
TpahcnoHnpoBaHHoro npoBOfla npjiMDyronbHoro 
ce^eHMq), MaKCMwanbHO flonycTuwoe o6)KaTne 
MaipMi^bi He nosBonReT nonnocTbio saKpuTb 
cBepxnpoBOfl5ii4niS sneMeHT. B stom cny-iae 
noBepx npoBOAHMKa b naa warpuLibi 
AononHMTenbHO yKnaAWBaioT 
cTa6MnM3MpyioLUMii sneMeHT, naroTOBnenHbii^ na 
HopwanbHO npoBOflHinero Marepnana c BbicoKOM 
npoBQflUMocTbio. flpM o6>tcaTHflx weHbiiie 5% 
MBxaHMMBCKOe saKpenjieHMB MarepnanoM 
cTa6i/inM3MpyoiijBrQ sjieivieHTa HeflocTaTOMHo, 
BcneACTBue 4ero cHn>KaeTCfi npoMHocTb 
aaKpenneHUfi npoaoAHUKa, a npn obMaTmx 
5onee 15% noBbiiuaeTCfi BepoqjHocTb o6pbiBa b 
npoL(ecce naroTOBjieHnq npoBOAa. PasAenbHoe 
no aepTHKajin n OAHOBpewieHHoe nponycKanwe 
Mepes pacnnaB npunoR aneMSHTOB npoBOAa, a 
laiOKS i/i3MeHeHMe rpaeKTopnn v\x flBM>KeHHfl b 
pacnnase c oGecneMeHneM rpeHUfi b mombhtu 
M3MeHeH^n TpaeKTopuM ABHWeHUS 
oBecneMMBaeT ica^ecTBeHHoe o6cny)KHBaHne m 

nOBepXHOCTM npn BUCOKMX CKOpOOTHX (flO 15 



m/mmh) nojiyHeHMH npoBofla. 

CoeflUHeHne nyreM o6)KaTHfl b ipmbepe Ha 
BuxoAe M3 paoniiaea flononHnrenbHO 
o6ecneMMBaeT oTcyroTBue okhchux eKJiioHeHnEi, 
pafcoBHH, noHHoe sanojiHBHue npi/inoeM 
Me>KnpoBojioMHoro npocrpaHCTBa npoeoflHUKa 
OKOHHarejibHa;) cfjuKoanufi npoBOflHUKa b 
MarpuLie nponcxoflUT npi/i nocneflymineM 
JioKa/ibHOM (0,5-1,5 cm) oxjia>KfleHnn Bofloii Ha 
yMacTKe nsorHyroro npoaofla c npoaoflHUKOM, 

HaXOflRLiJ,HMCfl B Hanpfl>KeHHO-paCTflHyTOM 

cocTORHHn oTHocMTenbHo CTa6MJiM3tipyioinero 
sneMBHTa flo Tevnepaiypbi, Ha 50-140°C Hnwe 
TeMneparypbi cojinflyca npuncw. VKaaaHMbifi 
npnew nosBonneT aa^nKcupoBaTb npoBOflHUK b 
cTporo onpeaeneHHOM no/ioKeHMn no bcsR 
flnuHe nyiBM ycrpaneHMn HeoAHopoflHocTn era 
nonoMOHra, B03HMKaioineR na-aa paajinMns 
K03c{xi)m4MeHTOB TepMM^ecKoro paciuMpeHi/in 
coeflMHeHHbix MaTepnanoB, a raioKe nCKnioMHTb 
o6pa30BaHMe naKOBHH Mexcny ahom nasa m 
npoBoflHMKOM M3-3a ycaA<M npunofi. 

Ox/iajKfleHne flo TeMneparypbi, na 50-1 40°C 
HMxe TeMneparypbi co;inflyca npmiofl, 
noaBonneT npM noc;ieayioineM pacnpHM/ienuM 
npoBOfla c oflHoPi cropoHbi npeflorBparnTb 
pacrpecKHBaHne HeflocraroHHO oxjiawaeHHoro 
n, c/iefloaarenhHo, wexaHn^ecKM HenpoMHoro 
npunon, HaxoAfitMerocfl Me^y npoBOflHuKOM m 
warpuLiePi, a c npyroi^ yMeHbiuurb BJiUHHue 
flecfjopMai^MH pacrfl)Keni/in Marpkmw wa 

npOBOflHUK, 

rionyHeHHbivi npaeofl 6naroAap?i yKaaaHHUM 
BbiLue npenMymecTBaM, i^weer flnnny aaxofla 
TOKa B CBepxnpoBOflHUK, He npeabiaiaioinyia 1 
MM. HpoBOflHUK npnTieraer k ocHoeaHHK) naaa 
6e3 HenponaflHbix y-iacrKOB Ha Bce^i 
crponrenbHoi^ flni^He, B CBssywineM npMnoe 
OTcyrcTByioT OKucHue BKmoMeHun, paKOBUHbi n 
rpetnnHbi, ripoBOA nweer Bbiconyio npoHHocrb 
coeflUHewKs 3neMeHT0B, ripn flByxKparHOM 
pasHOHanpasjieHHoM H3w6e Ha 6ojibiuyio 
nnocKocrb na 18Q° \^ paflnyoe 10h aneMenrbi ne 
oTcjianBaiorcfl M He BbixoflSiT M3 Marpkmu. 
KoHKpeTHbie npuMepu ocymecTBJieHun cnoco6a 
n CBOkicrBa no/iyMaewbix npoBOflOB npnaefleHbt 
B raenMi4e. 

flnn cpasHeHUfl 6bm nsroroBJieH npoBOfl no 
nasecrHOMy cnoco6y c ncno/ibaoeaHMeM b 
KaHecTse npoBOflHUKa wHoronpoBonoMHOM >tCMJibi 
H3 HT-50 7 X 0,33 mm h npflMoyro/ibHoR 
U-o6pa3HOM warpiii^bi c BweiuHMMM pa3MepaMM 
2 x 3,5 mm2 h nasoM 1.2 x 1,05 mm^ c 
nponaPiKoti npi/inoeM noCCy-30-2. Ha orpesKe 
onuHoC^ 300 MM 6biro o6Hapy>KeHO 7 paKosnH 
qnnHoR or 5 flo 10 mm. ripoBOflHUK b warpuL^e 
6bm pacnojiD)KeH no BOJiHucroii mnm oo 
CMeineHMeM 0,2-0,3 mm or flHa nasa nepes 20-30 
MM. fljiMHa aaxoAa toks b cBepxnpoBOflHMK 
MSMeHfinacb no ppms npoBQn3 or 2 flo 8 mm. 
npM flByxKpaTHDM pasHOHanpaBHeHHOM narnSe 
Ha Bonbiuyio n/iocKocrb Ha 180" w pa/inyc 20 
MM npoBOflHUK orcnanBancs n Buxoflnri m naaa 
npn iffiMHSTHOM TeMnepaiype 

KaK BMflHO M3 MajiojKeHHaro, npeflnoxeHHbiH 
cnocoS no opaBHeHnio c nasecTHbiM nosBOJifler 
noBbicnTb KanecTBD m yaenM^HTb 



(DopMyna H3o6peTeHMH: 

1. CnOCOB MSrOTOBJlEHMH 
CTABUnHSMPOBAHHOrO 

CBEPxnpoBOfljqinEro nPOBOflA, 

BKnioHaioLL|Mi^ BBe/ieHbie npoeoAHkiKa b 
npoflo;ibHoR naa cra6MJiM3MpyKiinero 3;ieMeHTa 
npsMoyronbHoi^ tJrapMbi, coeflnHeHne mx nai^Koti 
JierKonnaBKMM np^noeu m oxnsixcAeHMe, 
ornnHaiouMflcn tbm, mto, c i4e/ibio noBbiLueHUfl 
KanecTBa npoBOfla nyrsM MCiaiHDMeHna 
HenponaflHHbix yMacrxoe Me>Kfly npoBOflHMKOM 
cra6njin3npyioinnM ansMeHTOM, nposoflHUK n 
craen/iMSMpyiotuMC* sjieMeHT nponycKaior 
paafle;ibHo b BeprMKajibHoCl n/iocKocru nepes 
pacnnaB npMnon, BBe/ieHkie npoBO^HMKa b naa 
craSMJiMspyio^ero sjieMeHra v\ m coeflkiHeHkie 
ocymeoTBnfliOT Ha Bbixofle m3 paonjiaaa nyrsM 
nponycKaHMfl mx Mepea cfjunbepy npn o6>KaTMH 
CTa6MnM3Mpyioinero aneMenra na 5 - 15%, a 
oxnaJKfleHne nposoflai nocne Bbixofla m 
(pmhepbi noKaribHD flO reMnepaiypbi Ha 50 - 
140°C Huxe TeMneparypbi connflyca npunofl, 
npn aroM na oxna>KflaeMOM yHacTKe npoBOfl 
H3™5aioT flo HanpflKeHHO-pacTBHyToro 
cocTOBHUfl npoBOflHKKa OTHOCurenbHo 
CTa6MJiW3Mpyiou4ero aneMBHTa, 

2. Cnoco6 no n 1, orni/maioLnni^cn leM, mto, 
c Liejibio noBbiLueHUH npoMSBOflnrenbHocTM 
npoLiecca H3roTOBneHi/i() npnaofla 
npenMyu^ecTBeHHo c MHoronpoBonoMiiuM 
npoBOflHMKOM. BHyrpn pacnnasa naMeHwor ne 
Menee rpex pa3 rpaeKropnio flanMeHHn 
npoBOAHHKa n cra6nnn3npviou4Bro 3neMeHTa, 
oBecneni/iBafl Tpeni/ie na ynacTKax naMeHeHun 
TpaeiaopHM. 

3. Cnoco6 no n 1 nnn 2, orjinnaioinni^cfl 
TBM, MTO ceqeHne oexcMMaeworo 
0Ta6M;iM3Mpyioinero aneMenra S„ onpsflsnsiior 

M3 COOTHOIilOHUn 

hi-th-0,Sh 4-0,5d'>«il 



1 1 w 1 

rfleS„, h.lM 

s hi, h - nnomaflb nonepsMHoro ceMeHuin, 
"i 

Bbicora M lunpnHa craSnnnaMpyionerci 

aneMSHTa flo v\ nocne oexcaiMd cooTBeTCTBSHHo; 
<3' ,d ,s - BsprnKajibHbiW M 

ropusoHianbHbiPi nonepenHbie paawepbi m 
nncLnaftD ceueHns npoBoflHUKa 

4, Cnocoe no n.1 m\A 2, oTjinMaioiuMRcn reM, 

HTO paSflSJIbHO B BeprnKaHbHOPi nnocKOCTM c 

npoBOflHMKQM M CTa5njiH3npyioaiMM ajieweHTOM 
B paonnase npunon flononHnreiibHO 
nponycKaior aneweHr na Hopwa/ibHo 
npoBoflflinera MerajiJia, yKnaAbiBaior era b 
cJjMnbepe b naa craennnanpyiotnero a/ieMenra 
noaepx npoBoAHUKa, npM stom Ha oxnawAasMOM 
ynacTKe npoBOA narneaiOT ao 
Hanpfl>KeHHO-pacrRHyroro cocroflwi/ifl 
HopwanbHO npoBOflpinero aneMenra 
oTHocnre;ibHo craennnanpyioi^ero ajieMSHTa 
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(54) CnoCOB MSrOTOBJIEHMJI CTA5MJlM3MPOBAHHOrO CBEPXnPOBOflfllHErO RPOBOflA 

(57) 

HaoSpeTeHne oTHDcuTCfl k oSnacTn 
sjieKTpoTexHMKM, B MacTHooTH K cnoco6aM 

MSrOTOaneHMK CBSpXnpOBOflJimUX oeMOIOMHblX 

npoBoqoB. Uenb M3o6peTeHMH - noBbiLueHne 
Ka^eoTBa npoBOfla nyisM ncKHKMeHun 
HenponaflHHUx yyacTicoB Me>Kny npoBOflHMicoM n 
CTaenjiManpyioinMM sneMSHToM. flnn 
naroTOBJieHMfl CTa6M;iM3npoBaHHoro 
CBepxnpoBOflnmero npoaofla npoeoflHUK vi 
cTaennnanpyioLnnCi sjieMeHT npfliwoyronbHot^ 
ct)opMbi c npoflojibHbiM naaoM pasflejibHO b 
BepTMKaribHofl njiooracru m oflHOBpeweHHo 



nponycraioT ^epea pacn;iaB npunow. 
CBepxnpoBOflHMK BBOA«T B nas 
cTa5M;iM3MpyKiinero sneMeHia b cfji/ijibepe Ha 
Bbixofle M3 pacnjiasa npn o5>KaTMM 
CTa6M;iM3MpyK)inero snsMeHTa Ha 5 - 15%. 
ripoBOfl nocne Bbixofla H3 t^ji^nbepw noKa/ibHo 
oxna>iv(aK)T flo TewnepaTypbi, na 50 - UCC 
Hi/i)Ke TSMnepaTypbi co/inayca npunos, nsruSaa 
ero B MecTe oxnajKfleHUR flo 
HanpHKBHHo-pacTflHyToro coctohmmh 
npoBOflHMKa OTHocMTenbHO CTa6i.i;in3npyioinero 
aneMBHTa. 1 Ta6n., 3 s. n. ct)-nbi. 
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